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Abstract
OBJECTIVE—To determine whether women who entered pregnancy overweight or obese were
less likely to follow American Academy of Pediatrics (AAP) guidelines for introducing
complementary foods to infants after four months of age. In addition, to explore whether
psychological factors accounted for any of the effect of pregravid body mass index (BMI) on age
of complementary food introduction.
DESIGN—A prospective cohort study from 2001 to 2005 which recruited pregnant women
between 15 to 20 gestational weeks with follow-up through 12 months postpartum from
University of North Carolina hospitals (n = 550).
STATISTICAL METHODS—Multinomial logit models estimated relative risk ratios (RRR). The
outcome was age of complementary food introduction, categorized as less than four months of
age, four to six, and six months or later (referent). Maternal BMI was categorized as underweight
(< 18.5 kg/m2), normal-weight (18.5 kg/m2 to 24.9 kg/m2), and overweight/obese (≥ 25.0 kg/m2).
A series of regression analyses tested mediation by psychological factors measured during
pregnancy (depressive symptoms, stress and anxiety).
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RESULTS—More than a third of the study population (35.7% of 550) entered pregnancy
overweight/obese. The majority of participants (75.3%) introduced foods to their infants between
four to six months of age. Compared with normal-weight women, those who were overweight/
obese before pregnancy were more likely [RRR = 2.22 (1.23, 4.01)] to introduce complementary
foods before the infant was four months old, adjusting for race, education, and poverty status.
Depressive symptoms, stress and anxiety did not account for any of the effect of pregravid
overweight/obesity on early food introduction.
CONCLUSION—The results suggest that overweight and obese women are more likely to
introduce complementary foods early and that psychological factors during pregnancy do not
influence this relationship. Future studies need to explore why overweight/obese women are less
likely to meet the AAP recommendations for the introduction of complementary food.
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INTRODUCTION
The American Academy of Pediatrics (AAP) recommends that infants be introduced to
complementary foods after four months of age, preferably around six months, when they are
physiologically ready for foods other than breast milk or human milk substitutes (1). Yet,
40% of infants in the United States (U.S.) are introduced to infant cereal by the time they are
four months old (2). There is growing evidence that pregravid weight status may be a risk
factor for adherence to infant feeding guidelines. Recent studies suggest that women who
begin pregnancy overweight or obese are less likely to breastfeed and more likely to
breastfeed for a shorter duration than women who begin pregnancy at a normal body mass
index (BMI) (3–7). Research on the effects of pregravid BMI status on complementary food
introduction is limited to two studies which are suggestive of a negative association between
pregravid BMI and early food introduction (8,9). These studies, however, did not
comprehensively adjust for factors, such as sociodemographics, which might be the actual
underlying drivers of the relationship between pregravid BMI and age of complementary
food introduction. Further, it is unclear whether the findings from the studies, conducted in
Europe, are generalizable to the U.S. population.
Improving adherence to infant feeding guidelines requires insight into why some women do
not follow these recommendations. One pathway from obesity to infant feeding may be
psychological but research of a possible mediatory pathway is lacking. There is evidence
that obesity before pregnancy increases risk of poor mental health status during pregnancy
(10,11) which can persist well into the postpartum period (12) and negatively influence
parenting practices (13,14). Mothers with higher levels of psychological factors may be less
likely to engage in positive parenting behaviors such as playing and talking with the child,
establishing routines, and following infant feeding guidelines (13,14). Several studies
suggest a link between high levels of psychological factors during pregnancy and increased
risk of early breastfeeding cessation (15–18). One study has examined the association
between psychological factors during pregnancy and complementary foods; Hampson and
colleagues found that negative affect, a combination of depression and anxiety, was
associated with early introduction of solid foods despite controlling for pregravid BMI (9).
The aims of this analysis were to 1) determine the association between pregravid BMI status
and timing of complementary food introduction and, 2) explore partial mediation by
psychological factors. Compared with women of normal BMI, entering pregnancy
overweight or obese was predicted to be associated with earlier introduction of
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complementary foods. In addition, the presence of depressive symptoms, stress and anxiety
during pregnancy was hypothesized to partially mediate the effect of BMI status on early
introduction.
METHODS
The Pregnancy, Infection and Nutrition Study (PIN) was a prospective study from 2001 to
2005 focusing on risk factors for preterm birth (19). Women between 15 to 20 gestational
weeks (n = 2006) were recruited during their second prenatal clinic visit at the University of
North Carolina (UNC) hospitals and followed through pregnancy. A postpartum component
(PINPost) examined diet, physical activity and infant feeding (19). Participants in the PIN
study were eligible for PINPost if they delivered a live-born infant between October 2002
and December 2005 and resided within a 2-hour radius from UNC in order to facilitate home
visits (n = 1169). Those who agreed to participate in PINPost were interviewed in their
homes by trained staff at three (n = 688) and 12 months postpartum (n = 550). This study
analyzed data from 550 women who provided written consent and participated in both the
three and 12 month postpartum visits. Further information on the PIN study and attrition
from the PIN to the PINPost study is available in a previously published paper (19).
Protocols for the prenatal and postpartum studies as well as this analysis were approved by
the University of North Carolina Medical Institutional Review Board.
Outcome
The outcome variable, age of complementary food introduction, was created based on a
composite of questions asked at the three and 12 month interviews. For each month leading
up to the three month interview, women were asked, “How many times a day (24 hours) was
your baby fed these foods during each of these months?” Women responded for the
following foods: breast milk, infant formula, cow’s milk, soy milk, cereals, tea, juice, fruits
or vegetables, and meats. At the 12 month interview, women were asked, “At any time since
the three month interview, have you fed your baby [type of food]?” for each month between
the three and 12 month interviews. Women reported on the following foods: breast milk,
infant formula, cow’s milk, soy milk, cheese/yogurt, ice cream, infant cereals, cereals,
breads, crackers, cookies (includes teething biscuits), tea, 100% fruit or vegetable juice, fruit
drinks/Kool-Aid, fruits, vegetables, meats, fish, eggs, French fries, and soda. Age of
complementary food introduction was categorized as follows: introduction of
complementary foods less than four months of age, four to six, and six months or later
(referent). Cutpoints for the categories reflect the unclear guidelines set by the AAP (1).
Although the guidelines recommend that women should exclusively breastfeed until six
months of age, they also state that complementary foods may be introduced as early as four
months based on the “unique needs or feeding behaviors of the individual infants” (1).
Exposure
The main exposure was pregravid BMI, calculated from self-reported weight and height
measured during screening. After checking weight for implausible values, three participants
were excluded from analysis. There remained 547 women with recorded pregravid BMI and
age of complementary food introduction. Pregravid BMI was categorized according to
criteria of the World Health Organization for underweight (< 18.5 kg/m2), normal weight
(18.5 kg/m2 to 24.9 kg/m2), and overweight/obese (≥ 25.0 kg/m2) (20).
Psychological variables
The Center for Epidemiologic Studies-Depression scale (CES-D), completed by 490
participants (89% of 550), was a mail-in questionnaire provided at the second prenatal visit
between 24 and 29 weeks’ gestation (21). A composite score was calculated and scores of
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17 or higher indicated the presence of a significant level of depressive symptoms in the
previous week. The Perceived Stress Scale (PSS), administered during a phone interview
conducted between 27 and 30 weeks gestation, measured the extent to which participants
(95.8% of 550) found situations in their lives to be stressful in the last month (22). Scores
were summed across items and categorized as follows: 0 to < 11 (low perceived stress,
referent); 11 to < 17 (moderate), and ≥ 17 (high). Participants (88.5% of 550) completed the
State-Trait Anxiety Inventory (STAI) (23) as part of a mail-in questionnaire provided at the
second prenatal visit between 24 and 29 weeks gestation. This analysis used data from the
state-anxiety section of the scale which assessed how the participant felt at the time of the
interview. The variable was categorized into three levels: 0 to < 29 (low anxiety; referent),
29 to < 39 (moderate anxiety), and ≥ 39 (high anxiety). The CES-D, PSS, and the STAI are
validated instruments that have been used extensively in diverse populations, including
among pregnant women (21,24–26).
Covariates
Data on covariates were collected through interviews, self-reported questionnaires, and
medical chart abstraction. Although the PIN and PINPost studies collected data on a wide
variety of variables, only the following were examined as potential confounders. During
pregnancy, participants reported sociodemographic factors such as race (categorized as non-
White versus White), age, parity (primiparous versus nulliparous), family income,
household size, education (< 12 years completed versus ≥ 12 years), and marital status (not
married versus married). Information on family income and household size was used to
create a variable representing percent of the 2001 poverty index according to the U.S.
Bureau of the Census (27). It was categorized as < 185% of the 2001 poverty line, 185% to
350%, and ≥ 350%.
Statistical Analyses
The regression analyses were restricted to participants for whom there was complete
information on pregravid BMI and age of complementary food introduction (n = 547); the
mediation analyses were further limited to those who completed all three psychological
assessments (n = 470). The association between pregravid BMI and age of complementary
food introduction was originally modeled using ordinal logistic regression but because the
proportional odds assumption was violated for all explanatory factors, including the main
exposure, the multinomial logit model was utilized instead. Multinomial regression was used
to estimate relative risk ratios (RRR) of the association between pregravid BMI and
complementary food introduction. For mediation analysis, binomial regression models were
used where the outcome was dichotomous and multinomial logit models were utilized where
the outcome was polytomous. Potential confounders were chosen based on a directed acyclic
graph created from a review of the literature (28) and on the strength of their relationship
with exposure and outcome. The sample size was not large enough to test for effect measure
modification. The adjusted model was built using backward elimination with confounders
kept in the model if they changed the beta coefficients of the exposure categories by more
than 10%.
Mediation analysis was comprised of a series of regression analyses (29). To be considered a
mediator, the exposure must be associated with the outcome; the mediator must be predicted
by the exposure; the outcome must be predicted by the mediator while adjusting for the
exposure; and the effect estimate of the exposure must be reduced when adjusting for the
mediator. Depressive symptoms, perceived stress and anxiety were examined in separate
mediation analyses. All statistical analyses were conducted using Stata software (version
9.2, 2007, StataCorp, College Station, TX).
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The majority of the 550 participants (75.3%) followed from pregnancy to 12 months
postpartum introduced complementary foods when the infant was four to six months old;
19.6% introduced before four months of age and 5.1% after six months. At four and six
months postpartum, 65.5% and 56.7% of women were breastfeeding, respectively. Women
who introduced complementary foods before four months of age were more likely to be non-
White, overweight/obese before pregnancy, multiparous, unmarried, less educated, and of
lower income (Table 1). They were also less likely to have initiated breastfeeding or to be
breastfeeding at the three month interview.
Of 550 infants, 19.6% had been introduced to complementary foods before four months of
age and 67.8% before six months. Infant cereal was the most common food given to infants;
17.8% were fed infant cereal before four months of age and 61.8% by six months. Few
infants were introduced to fruits/vegetables (5.5%) before they were four months old but by
six months, 75.5% had been fed fruits/vegetables.
Twenty-one percent of 490 women who completed the CES-D had high levels of depressive
symptoms, 25.8% (of 527) had high levels of perceived stress and 22% (of 487) had high
levels of state anxiety. High levels of depressive symptoms, stress, and anxiety during
pregnancy were significantly more likely among women who began pregnancy overweight
or obese (compared to normal weight) and those who introduced complementary foods
before four months of age (compared with six months or later).
Results from an unadjusted model of pregravid BMI and age of complementary food
introduction revealed that women who were overweight or obese before pregnancy were
four times as likely [RRR = 4.00 (95% CI: 2.37, 6.74)] to introduce complementary foods
before the infant was four months old compared with normal weight women (Table 2). After
adjusting for race, education, and poverty status, the risk estimate attenuated but remained
significant [RRR = 2.22 (1.23, 4.01)].
Mediation
A series of crude models revealed all three psychological factors to be weak mediators
(supplemental tables are available from the authors). The effect of pregravid BMI on age of
introduction was reduced 6.8% by depressive symptoms, 6.2% by anxiety, and 3.3% by
stress. After including race, education and poverty level in the mediation models, the
psychological factors were no longer predicted by pregravid BMI status nor associated with
the outcome. Thus, they could not be considered mediators.
DISCUSSION
This analysis identified maternal overweight/obesity before pregnancy as a risk factor for
the early introduction of complementary foods. The results suggest that women who enter
pregnancy overweight or obese are more likely to introduce complementary foods to their
infant before the recommended age of four months. Research on the associations between
maternal obesity and infant feeding has focused more on outcomes related to breastfeeding
behavior rather than the introduction of complementary foods (4–6,30,31). Two previous
studies examining the association between pregravid BMI and complementary food
introduction were conducted in populations not representative of the high obesity prevalence
or racial/demographics of the U.S. population (8,9). Despite differences in population and
methodology, however, the results presented in this paper confirm findings from these
studies of a positive association between pregravid overweight/obesity and early
introduction of complementary foods. Additionally, the findings from this paper build upon
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two prior analyses conducted within the PIN study population which showed that
overweight/obesity before pregnancy increased risk of not breastfeeding (32) and of shorter
breastfeeding duration (7). When considered together, results from the three papers support
a strong negative association between pregravid overweight/obesity and lower adherence to
infant feeding guidelines.
In addition, this paper adds to the current literature through its exploration of mediation by
psychological factors. There may be several reasons for why the psychological factors were
not found to mediate the association between pregravid BMI and complementary food
introduction. First, the study experienced attrition. Women who did not participate in
PINPost had significantly higher levels of depressive symptoms and anxiety (p < 0.05)
which may have reduced the ability to find an association with complementary food
introduction. Second, it may be that clinically assessed depression and anxiety would be
more strongly associated with the exposure and outcome, producing a mediatory pathway
that could exist despite adjustment for confounding. Third, because this is an observational
study, causal inferences cannot be made and bidirectionality must be considered. And,
finally, it may be that psychological factors during pregnancy do not strongly influence
women’s decisions on infant feeding. This is supported by two previously published papers
which also found no mediation by psychological factors in the association between
pregravid BMI and breastfeeding initiation/duration (7,32).
An additional limitation is the calculation of pregravid BMI using weight that was self-
reported during pregnancy. Because women of childbearing age tend to underestimate their
weight (33), some BMI values may be artificially low. However, all pregravid BMI values
were checked for implausibility and any potential misclassification was further minimized
by categorizing the BMI variable. These findings are also limited in their generalizeability to
the overall U.S. population because the study consisted primarily of women that were
Caucasian, of higher socioeconomic status, and received prenatal care. The study population
was representative of the racial demographics of North Carolina (34) but the small sample
size restricted the ability to examine modification by race. This is an important point for
future research given that nonwhites, specifically African Americans, have a much higher
rate of obesity and depression and have been found to introduce foods in early postpartum
(35–37).
CONCLUSIONS
This analysis revealed a strong, inverse association between pregravid BMI and age of
complementary food introduction and showed that this association was not explained by
psychological factors. The results highlight the need for a tailored intervention targeting
overweight and obese women to delay the introduction of complementary foods until at least
four months of age. Women who are overweight or obese at the start of pregnancy may
require more counseling on infant feeding recommendations and greater guidance on
adhering to them than normal weight women. To provide counseling that is effective in both
raising awareness of and adherence to infant feeding guidelines, a better understanding of
why overweight and obese women are less likely to follow these recommendations is
necessary. Future studies need to confirm the associations found in this study in a larger and
more diverse sample population and explore reasons that may provide a more in-depth
understanding of the pregravid BMI-infant feeding relationship.
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